Recent empirical work has suggested that in response to a positive technology shock, labor productivity rises more than output while employment shows a persistent decline. This finding has raised doubts concerning the relevance of the RBC model as well as the quantitative significance of technology shocks as a source of aggregate fluctuations. We show that the inability of the RBC model to fit these stylized facts is an artifact of the closed economy assumption. In an open economy, the flexible price RBC model can match the negative conditional correlation between productivity and employment quite well as long as trade elasticities fall short of unity and the degree of openness is sufficiently high. The computed variance-decompositions also suggest that there is no empirical inconsistency between matching this correlation and accepting that technology shocks are the main source of variation in output. Moreover, using a low trade elasticity value does not worsen performance along any other dimensions.
Introduction
The real business cycle model (RBC) model assigns a critical role to aggregate variations in technology as the driving force behind macroeconomic fluctuations. One of its key implications is that technology shocks lead to procyclical movements in employment, productivity and real wages of the type observed in the data.
The ability of the RBC to account for business cycles has been questioned on the basis of recent evidence concerning the conditional relationship between productivity and employment. Gali, 1999, and Basu, Fernald and Kimball, 1999 (henceforth BFK) have identified technology shocks based on plausible identification schemes and have found that in response to a positive technology shock, labor productivity rises more than output while employment shows a persistent decline. Hence, the empirical correlation between employment and productivity as well as that between employment and output conditional on technology shocks is negative. This finding has raised serious doubts not only about the relevance of the RBC model but more importantly "...about the quantitative significance of technology shocks as a source of aggregate fluctuations in industrialized economies 1 ". Moreover, as the standard Keynesian model with imperfect competition and sticky prices typically gen rates a short run decline in employment in response to a positive technology shock, this stylized fact has provided support for models with nominal frictions.
The objective of this paper is to evaluate the performance of these two classes of models along several dimensions, while at the same time paying particular attention to their ability to match the conditional correlations singled out by Gali and BFK. Technology, fiscal and monetary 2 shocks are considered. The analysis uses "standard" specifications of these two models and is conducted within the context of an open economy because of the following reason. The data come from an open economy (after all, there exist no closed economies in the real world) so the inability of the standard RBC model to match these conditional correlations could reflect mostly model mis-specification along this dimension. This mis-specification may be inconsequential for many things but not for the behavior of employment 3 . There exists a strong theoretical presumption that the correlation of employment and output in an open economy can be quite different from that in a closed economy, whether prices are flexible or fixed, due to terms of trade effects. We argue that trade openness can affect the ability of both the fixed and the flexible price model to match these conditional correlations. We show that in order for the RBC model to match the aforementioned conditional correlations, it must contain three elements: Low trade elasticities, sufficient trade openness, and sluggish capital adjustment. The last element is important because it makes aggregate demand less responsive to a supply shocks, generating thus a stronger terms of trade effect.
The first element is known to play a critical role for many important issues in the theory of international trade. In spite of this, there exists considerable uncertainty regarding the true values of trade elasticities 5 . For instance, two of the most commonly used values straddle the critical value of a unitary elasticity. Taylor, 1993 , estimates the value for the US to be -0.39 while Whalley, 1985 , reports a value of -1.5. For the European countries, most empirical studies suggest a value less than unity. 6 We use the standard parameterization employed in the literature (e.g. Kydland 7 , 1992, 1995) but consider two alternative values for the trade elasticity. A high value (-1.5) and a low value (-0.5). We find that the fixed price model can generate a negative, conditional comovement of output and employment on impact, independent of the value of the trade elasticity (and the overall results do not depend much on this elasticity). This model, though, under-predicts significantly the conditional correlation between productivity and employment. The flexible price model, on the other hand, cannot generate an immediate reduction in employment following a positive technology shock unless the trade elasticity falls below unity and trade is a significant component of output. For instance, for the standard parameterization, a value of openness of about 15%-20% is needed. 8 Interestingly, in this 4 This possibility is well known in the theory of international trade. An extreme, special case of this phenomenon has been termed immiserizing growth; see Caves, Frankel and Jones, 1998. 5 See Collard and Dellas, 2000, for a review of the empirical evidence. 6 Note that a trade elasticity less than one implies that domes ic and foreign goods are complements. Our analysis thus confirms the conjecture by King and Rebelo, 2000 , that a multi-sector model in which goods are complements might provide a solution to the conditional correlation problem. A two country model essentially is a version of a multi-sector model. 7 We depart from Backus, Kehoe and Kydland in assuming imperfect competition in order to facilitate the comparisons of the flexible and fixed price economies.
8 While this number is somewhat high for the US -but low for the European countries -note that case, the flexible price model does a much better job than the fixed price in matching the negative conditional correlation between productivity and employment. Finally, we find that the low elasticity specification improves performance along some other dimensions (for instance, concerning the behavior of the terms of trade) relative to the commonly used high elasticity specification.
From these findings we draw the conclusion that the empirical, conditional correlation of employment and output (or productivity and employment) does not necessarily pose problems for the RBC model, or more generally, for supply shocks. This conclusion is reinforced by the fact that the computed variance-decompositions indicate that there is no empirical inconsistency between matching this correlation and at the same time claiming that technology shocks are the main source of variation in output.
The rest of the paper is organized as follows. In section 1 we explain the main mechanism at work for the flexible price, open economy model and offer a detailed, analytical example.
Section 2 contains the description of the fixed and flexible price economies. In section 3 we report the main findings.
1 A simple, flexible price model: An illustrative example In what follows, we derive the exact conditions required for this pattern to emerge within a simple version of the neoclassical growth model. The world consists of two large countries.
Each country is populated by a large number of identical agents and specializes in the production of a distinct, traded good. Asset markets are complete and there are no impediments to international transactions. Labor is not mobile. There is no capital in this model.
countercyclical conditional employment can be obtained with a lower degree of openness. For instance, it suffices to assume a somewhat lower trade elasticity and a higher capital adjustment cost; see figure 2. Allowing for additional sections within each country and assuming goods complementarities across some sectors might accomplish the same objective (as suggested by King and Rebelo, 2000) . 
The representative household
Household preferences are characterized by the lifetime utility function: 9
where 0 < β < 1 is a constant discount factor and v(.) is increasing and convex. C t denotes the domestic consumption bundle, M t /P t are real money holdings, and H t is the quantity of labor that may be supplied by the representative household, who faces a budget constraint of the form
where P b s t+1 |s t (resp. P b s t+1 |s t ) is the price of a domestic (resp. foreign) contingent and receives a nominal lump-sum transfer, N (s t ), from the monetary authorities. Finally, the household enters period t with an amount of money, M (s t−1 ), carried over from the previous period and ends the period with an amount M (s t ). The behavior of the foreign household is similar (see the Appendix A) .
The representative firm
The domestic representative firm specializes in the production of a homogeneous "intermediate" good according to:
A t is a stationary, exogenous, stochastic technological shock, which has its counterpart, A t in the foreign economy. We will assume that
The representative firm chooses how much labor to lease in period t in order to maximize its profit flow
where P x (s t ) is the price of the domestic intermediate good, yielding the first order condition
similarly in the foreign economy
The foreign representative firm acts in a similar way. Following Backus et al., 1995, we assume that the domestic, X 1 , and foreign, X 2 , intermediate goods are combined to produce a domestic, final good, Y , (Y in the foreign country) which can be used for private and public consumption. Final good production at home is described by the following CES function
and abroad by
X it denotes the quantity of intermediate good i used in the production of the foreign final good. ρ 1 determines the elasticity of substitution between domestic and foreign intermediate goods (1/(1 − ρ)), and ω ∈ (0, 1) is the share of the domestic intermediate good. The demand for the domestic and foreign goods is given by
where e t is the nominal exchange rate and the CPI price levels are defined as
The monetary authorities
The monetary authorities supply money according to the simple rule
where µ is the constant gross rate of growth of the money supply.
The equilibrium
We now turn to the description of the equilibrium of the economy. Iterating forward on the money demand equations, and using the money supply rule, we obtain
The good market clearing conditions imply
Finally, perfect financial capital mobility implies
This, together with the money demand yields
Since the model includes nominal growth, each nominal variable is deflated for nominal growth. 10 For instance,
10 Hereafter, to save on notation, we will not make any explicit reference to the state of Nature.
the model does not possess an analytical solution; therefore we take a log-linear approximation of the model around the deterministic steady state. 11 We then establish the following proposition.
Proposition 1 Domestic hours respond negatively to a positive domestic technology shock
iif domestic and foreign goods are gross complements.
The solution for employment takes the form (see Appendix B)
Conversely, if ρ < 0, the numerator of the ratio is strictly negative, while the denominator, which may be rewritten as,
is positive as long as ω ∈ [0, 1], ζ 0, α ∈ (0, 1) and ρ < 0 -i.e. when domestic and foreign goods are gross complements.
In Appendix C we also establish the following results that contain useful information about the role of the important parameters of the model for this relationship.
Proposition 2 The impact elasticity of domestic (foreign) hours to a domestic (foreign)
In the next section we study the relationship between employment and technology shocks within the standard, open economy, flexible price, RBC model as well as within the fixed price model with staggered prices.
11 The solution appears in Appendix B.
The general model 2.1 Flexible prices
The model economy is similar to that of section 1 with the main difference being that we now allow for investment. We also consider a more general utility specification.
Domestic Household
Household preferences are characterized by the lifetime utility function: 12
where 0 < β < 1 is a constant discount factor, C denotes the domestic consumption bundle, M/P is real balances and is the quantity of leisure enjoyed by the representative household.
The utility function,U C,
R is increasing and concave in its arguments.
The household is subject to the following time constraint
where h denotes hours worked. The total time endowment is normalized to unity.
In each and every period, the representative household faces a budget constraint of the (11) where P b s t+1 |s t is the period t price of a contingent claim that delivers one unit of the final good in period t+1; B(s t ) is the number of contingent claims owned by the domestic household at the beginning of period t; W is the real wage; P is the nominal price of the domestic final good; C is consumption and I is investment expenditure; K is the amount of physical capital owned by the household and leased to the firms at the real rental rate z. M (s t−1 ) is the amount of money that the household brings into period t, M (s t ) is the end of period t money and N is a nominal lump-sum transfer received from the monetary authority; T (s t ) is the lump-sum taxes paid to the government and used to finance government consumption.
Capital accumulates according to the law of motion
where δ ∈ [0, 1] denotes the rate of depreciation. The concave function Φ(.) reflects the presence of adjustment costs to investment. It is assumed to be twice differentiable and homogeneous of degree 0. Furthermore, we impose two assumptions that guarantee the absence of adjustment costs in the steady state: Φ(γ +δ −1) = γ +δ −1 and Φ (γ +δ −1) = 1.
The behavior of the foreign household is similar. 13
Final sector
The domestic final good, Y , is produced by combining domestic (X d ) and foreign (X f ) intermediate goods.
Final good production at home is described by
where ω ∈ (0, 1) and ρ ∈ (−∞, 1). X d and X f are themselves combinations of the domestic and foreign intermediate goods according to
where θ ∈ (−∞, 1). Note that ρ determines the elasticity of substitution between the foreign and the domestic bundle of goods, while θ determines the elasticity of substitution between goods in the domestic and foreign bundles. The producers of the final goods behave competitively and determine their demand for each intermediate good
i ∈ (0, 1) by maximizing the static profit equation
subject to (14), where P x (i, s t ) and P x (i, s t ) denote the price of each domestic and foreign intermediate good respectively, denominated in terms of the currency of the seller. This yields demand functions of the form:
and
13 Note, however, that since contingent claims are denominated in terms of the domestic currency, the foreign household's budget constraint takes the form
and the following general price indexes
The final good can be used for domestic private and public consumption as well as investment purposes.
The behavior of the foreign final goods producers is similar. 14 2. 
where K(i, s t ) and h(i, s t ) respectively denote the physical capital and the labor input used by firm i in the production process 15 . Γ t represents Harrod neutral, deterministic, technical progress evolving according to Γ t = γΓ t−1 , where γ ≥ 1 is the deterministic rate of growth.
A t is an exogenous stationary stochastic technological shock, whose properties will be defined later. Assuming that each firm i operates under perfect competition in the input markets, the firm determines its production plan so as to minimize its total cost
subject to (20) . This yields to the following expression for total costs:
where the real marginal cost, C m , is given by
Intermediate goods producers are monopolistically competitive, and therefore set prices for the good they produce. Price setting is similar in the foreign economy.
14 Note that the general price index in the foreign economy is
The monetary authorities
The behavior of the monetary authorities is similar to that 16 postulated by Gali, 1999. Namely, the supply of money evolves according to the rule:
where g mt > 1 is the gross rate of growth of nominal balances, which is assumed to follow an exogenous stochastic process. A similar process is assumed in the foreign country.
The government
The government finances government expenditure on the domestic final good using lump sum taxes. The stationary component of government expenditures is assumed to follow an exogenous stochastic process, whose properties will be defined later.
The equilibrium
We now turn to the description of the equilibrium of the economy. Recall that capital is perfectly mobile across countries while labor is not. 
Definition 1 An equilibrium of this economy is a sequence of prices {P(s
and the money markets.
Fixed prices
We now describe an economy that only differs from that described above concerning the degree of price flexibility. We follow Calvo, 1983 , in assuming that firms set their prices for a stochastic number of periods. In each and every period, a firm either gets the chance to adjust its price (an event occurring with probability q) or it does not. If it does not, it charges the price selected during the last time it set prices. We assume that the predetermined prices incorporate a nominal indexation term Ξ t , that is, the nominal price in period t is
is the deflated fixed price. A firm i sets its price in period t in order to maximize its discounted profit flow:
subject to the total demand it faces:
and where
is the profit attained when the price is maintained, while
is the profit attained when the price is reset. This yields the price setting behavior
Since the price setting is independent of any firm specific characteristic, all firms that reset their prices will choose the same price.
In each period, a fraction q of contracts ends, so there are q(1 − q) contracts surviving from period t−1, and therefore q(1−q) j from period t−j. Hence, the aggregate intermediate price index is given by
Calibration
We consider the US and Europe 17 as in Backus et al, 1992 . In setting the parameters, we draw heavily on Backus et al., 1995 , Cooley and Prescott, 1995 , and Chari et al., 2000 . The parameters are reported in table 1. ω is set such that the import share in the economy is 20%. The rate of growth of the economy, γ, is calibrated such that the model reproduces the rate of growth of real per capita output and the rate of population growth, respectively equal to 0.012 in the US and 0.0156 in Europe on an annual basis. The nominal growth of the economy is set equal to 6.8% per year. δ is set equal to 0.025. The elasticity of the marginal adjustment cost, ϕ was set to −0.1. θ is set such that markups in the economy are 20%. α, the elasticity of the production function to physical capital is set such that the labor share in the economy is 0.6. For the fixed price economy, we set q, the probability of price resetting to 0.25.
The instantaneous utility function takes the form
ν is set such that the model generates a total fraction of time devoted to market activities of 31%. σ is set to 2.5, η and ζ are borrowed from Chari et al., 2000 . Finally, β, the discount factor is set equal to 0.988. The government spending shock is assumed to follow an AR(1) process
with |ρ g | < 1 and ε g,t ; N (0, σ 2 g ). ρ g is set to 0.97, while σ g = 0.02. The money supply shock is assumed to follow an AR(1) process
with |ρ m | < 1 and ε m,t ; N (0, σ 2 m ). ρ m is set to 0.49, while σ g = 0.009.
We consider two alternative values for ρ. The first value, ρ = 1/3 generates an elasticity of substitution between foreign and domestic goods in the Armington aggregator of -1.5. This is the value used by Backus et al., 1992 Backus et al., , 1995 . The second value, ρ = −1 gives an elasticity of −0.5 which is close to the value of −0.39 suggested 18 by Taylor, 1993. 
The results
In the flexible price economy, the impact effect of a technology shock on employment depends critically on three parameters: The trade elasticity, the degree of openness and the capital adjustment cost. The last parameter is important because it determines the degree to which investment -and hence aggregate demand-responds to a technological shock. A smaller response requires a larger change in the terms of trade and hence stronger trade effects.
Graph 2 shows the loci of points for which the contemporaneous response of employment to a technology shock is zero (dh/dA = 0) as a function of these parameters. Points below a curve correspond to dh/dA < 0. The graph suggests that the negative response of employment to a positive technology shock does not in principle create any problems for the flexible price model as long as domestic and foreign goods are not good substitutes and the degree of openness is sufficiently -but not unrealistically -high. Tables 2-5 and figures 3-6 report the impact (table 7 ). An additional weakness of the flexible price versions is that they produce an unconditional correlation of employment and output that, while positive, is low. They also generate countercyclical inflation. Finally, all of the models under-predict persistence (table   9) .
Fourth, the variance decompositions for the low elasticity, flexible price model (table   11) reveal an interesting property. Namely, while productivity shocks account for the bulk of fluctuations in output, fiscal shocks account for the bulk of fluctuations in employment.
This suggest that that there is no empirical inconsistency between having technology shocks account for most of the variation in output while at the same time generating a negative conditional correlation between productivity and employment and a positive unconditional correlation between output and hours. 
Summary and conclusions
Recent empirical evidence indicates that in response to an -empirically identified-positive technology shock, labor productivity rises more than output while employment shows a persistent decline. Technology shocks are almost synonymous with the RBC model, yet the standard RBC model does not seem capable of accounting for this important stylized fact.
This finding has led many to doubt not only the relevance of the RBC model but also the plausibility of models that assign a big role to technology shocks as a source of aggregate fluctuations. Moreover, as the standard Keynesian model with imperfect competition and sticky prices typically generates a short run decline in employment in response to a positive technology shock, this stylized fact has provided support for models with nominal frictions.
In this paper we have questioned the view that the standard RBC model cannot plausibly generate a negative, conditional correlation between productivity and employment. What is needed in order for the RBC model to account for this pattern is international trade. If trade elasticities fall below unity -a quite realistic case -then the flexible price model can match this correlation quite well (even better than the standard fixed price model). Moreover, this improvement in performance does not come at the cost of sacrificing goodness of fit along any other dimensions relative to the high elasticity case. On the contrary, the flexible price-low trade elasticity RBC model generates better results regarding the behavior of is key variable, the terms of trade (also in relationship to the fixed price model).
Our conclusion is that, as suggested by the computed variance-decompositions, there is no empirical inconsistency between accepting that technology shocks account for most of the variation in output while at the same time generating countercyclical employment conditional on supply shocks.
A Representative household's behavior
The first order conditions associated with the domestic household problem are
The behavior of the foreign household is similar and yields the following first order conditions
B Log-linear representation of equilibrium
In this section we report the log-linear representation of our simple model, where a lowercase letter denotes the percentage deviation of a variable from its steady state level: x t = (X t − X)/X. We also describe the solution.
x t = a t + αh t (39)
where
Proposition 4 The approximate solution of the model takes the form
h t = 2ωρ(1 − ω) ∆ (a t − a t ) h t = 2ωρ(1 − ω) ∆ (a t − a t ) y t = ω ∆ (2ρ(1 − ω)(1 + ζ − α) + (1 − ρ)(1 + ζ)) a t + 1 − ω ∆ (2ρω(1 + ζ − α) + (1 − ρ)(1 + ζ)) a t y t = ω ∆ (2ρ(1 − ω)(1 + ζ − α) + (1 − ρ)(1 + ζ)) a t + 1 − ω ∆ (2ρω(1 + ζ − α) + (1 − ρ)(1 + ζ)) a t p t = −y t p t = −y t w t = ω ∆ (2ρ(1 − ω)(1 + 2ζ − α) + (1 − ρ)(1 + ζ)) a t + 1 − ω ∆ (2ρω(1 − α) + (1 − ρ)(1 + ζ)) a t w t = ω ∆ (2ρ(1 − ω)(1 + 2ζ − α) + (1 − ρ)(1 + ζ)) a t + 1 − ω ∆ (2ρω(1 − α) + (1 − ρ)(1 + ζ)) a t with ∆ = 4ωρ(1 − ω)(1 + ζ − α) + (1 − ρ)(1 + ζ).
C Proof of propositions
Proof: [proposition 1] Plugging (34), (35), (36) and (37) in (40) and (41), and making use of (42), (43), (44) and (45), p xt and p xt are found to be determined by the system
Inverting the system, and using the fact that from (34), (42) and (44) (respectively (35), (43) and (45))
we obtain
Therefore, dh t /da t is given by
Note that since, ω ∈ [0, 1], ζ 0 and α ∈ (0, 1), dh t /da t is positive whenever ρ > 0. Conversely, if ρ < 0, the numerator of the ratio is strictly negative, while the denominator, which may be rewritten as,
2 Proof: [proposition 2] Let us first recall that
The derivative with respect to ω is given by
The sign of which is determined by the sign of the numerator. Since, ω ∈ [0; 1] and ζ 0, the sign of numerator is given by the sign of ρ(1 − 2ω). Therefore, when ρ < 0 ∂π ha ∂ω ≷ 0 for ω ≷ 1/2 and ∂π ha ∂ω ≶ 0 for ω ≷ 1/2 when ρ > 0.
ii) The derivative with respect to ζ is given by
The sign of which is determined by the sign of the numerator. Since, ω ∈ [0; 1] and ζ 0, the sign of numerator is given by the sign of Υ = ρ(ρ(1 − 2ω) 2 − 1). When ρ < 0, Υ is clearly positive, and so is the derivative. When ρ > 0, Υ is positive provided ρ > 1/(1 − 2ω)
2 > 1, which is not an admissible value for ρ. Therefore Υ < 0 for ρ < 0. Hence
iii) The derivative with respect to α is given by
Corollary 1 The impact elasticity of domestic (foreign) hours to a foreign (domestic) tech-
Proof: [proposition 3] From the solution of the model and the definition of the shocks, we have
which sign is determined by the sign of the numerator. Since, ω ∈ [0; 1], ζ 0 and ψ < 1 for stationarity sakes, the sign of numerator is given by the sign of ρ(2ω − 1). Therefore, when ρ > 0 cov(y t , h t ) ≷ 0 for ω ≷ 1/2 and cov(y t , h t ) ≶ 0 for ω ≷ 1/2 when ρ < 0. 2 Table 2 
